To examine the association between frailty status and change in cognitive function over time in older Mexican Americans. DESIGN: Data used were from the Hispanic Established Population for the Epidemiological Study of the Elderly. SETTING: Five southwestern states: Texas, New Mexico, Colorado, Arizona, and California. PARTICIPANTS: One thousand three hundred seventy noninstitutionalized Mexican-American men and women aged 65 and older with a Mini-Mental State Examination (MMSE) score of 21 or higher at baseline (1995/96). MEASUREMENTS: Frailty, defined as three or more of the following components: unintentional weight loss of more than 10 pounds, weakness (lowest 20% in grip strength), self-reported exhaustion, slow walking speed (lowest 20% in 16-foot walk time in seconds), and low physical activity level (lowest 20% on Physical Activity Scale for the Elderly score). Information about sociodemographic factors, MMSE score, medical conditions (stroke, heart attack, diabetes mellitus, arthritis, cancer, and hypertension), depressive symptoms, and visual impairment was obtained. RESULTS: Of the 1,370 subjects, 684 (49.9%) were not frail, 626 (45.7%) were prefrail (1-2 components), and 60 (4.4%) were frail ( !3 components) in 1995/96. Using general linear mixed models, it was found that frail subjects had greater cognitive decline over 10 years than not frail subjects (estimate 5 À 0.67, standard error 5 0.13; Po.001). This association remained statistically significant after controlling for potential confounding factors. CONCLUSION: Frail status in older Mexican Americans with MMSE scores of 21 or higher at baseline is an independent predictor of MMSE score decline over a 10-year period. Future research is needed to establish pathophysiological components that can clarify the relationship between frailty and cognitive decline.
F
railty is an important clinical and public health problem in older adults that is characterized by vulnerability to stressors, weakness, risk of morbidity, disability, and mortality. 1 The prevalence of frailty increases with age and varies according to ethnicity and sex. [1] [2] [3] Research shows that predictors of frailty in older Mexican Americans include sociodemographic variables (e.g., marital status and education), body mass index (BMI), cognitive function, and disability. 4 The relationship between frailty and cognition across different ethnic groups is unclear and has received little research attention. 5 Some authors have reported significantly lower Mini-Mental State Examination (MMSE) scores in Hispanics than in non-Hispanic whites. 6, 7 Several factors have been associated with cognitive decline in older Hispanic adults. Altered executive function was reported in 31.1% of older Mexican Americans based on results from a clock-drawing task. 8 Slow gait speed and weak grip strength were also associated with decline in cognitive function in this population. 9, 10 Older age, lower education, and living alone, along with diabetes mellitus, stroke, depression, and visual alterations have been linked to impaired cognition in older Mexican-American adults, 11 but there is no information on the relationship between frailty status and subsequent change in cognitive function.
Given the expected growth in the population of older Mexican-American adults in the United States, it is important to understand the relationship between frailty and health outcomes such as cognition that increase health costs and decrease quality of life. The purpose of this study was to examine the relationship between frailty and cognition over 10 years in a large sample of older Mexican-American adults living in the community. It was hypothesized that frail subjects would be at higher risk for cognitive decline over time than prefrail or not frail persons.
METHODS

Sample and Procedures
Data are from the Hispanic Established Population for the Epidemiological Study of the Elderly (EPESE), a longitudinal study of Mexican Americans aged 65 and older residing in Texas, New Mexico, Colorado, Arizona, and California. The sample and its characteristics have been described elsewhere. 12, 13 The original probability-based sample was representative of approximately 500,000 older Mexicans Americans living in the Southwest in the mid-1990s. Five waves of data have been collected (1993/94, 1995/96, 1998/99, 2000/01, and 2004/05). The present study used data obtained at the second, third, fourth, and fifth waves (1995 to 2005). Information from the baseline (first) interview was not used because the Physical Activity Scale for the Elderly (PASE), 14, 15 a component of the frailty index, was not administered. The PASE scale was administered only at the second and fifth waves. All other covariates and the frailty index components were collected at every wave (second to fifth). Of the 3,050 subjects interviewed at baseline (1993/94) 2,438 were reinterviewed (2,166 in person and 272 by proxy), 238 were confirmed dead through the National Death Index and reports from relatives, 110 subjects refused to be reinterviewed, and 264 were lost to follow-up at the second wave. Subjects who were reinterviewed by proxy (n 5 272) were excluded because they did not complete the PASE scale.
Of the 2,166 subjects reinterviewed in person, 796 were subsequently excluded; 499 had a MMSE score less than 21, and 297 had missing information on one of the components used to compute the frailty index (see description below) or the Center for Epidemiologic Studies Depression Scale (CES-D). 16 Of those with missing information for hand-grip strength, eight had had surgery in the upper extremities, 21 felt the procedure was unsafe, 26 tried but were unable to complete the task, and 60 refused to perform the task. Of those with missing data for walking speed, four tried but were unable to complete the task, 23 refused to perform the task, and 27 felt the procedure was unsafe.
Proxy subjects (n 5 272) were more likely to be older and to have a history of heart attack, stroke, near and distant vision impairment, and a lower level of education. Subjects excluded due to missing values in any of the frailty index components or covariates and those who had a MMSE score less than 21 (n 5 796) were also more likely to be older; to have had a stroke; and to have had cancer, low BMI, poorer performance on the 16-foot walk test, and high depressive symptoms.
The final sample consisted of 1,370 subjects who had a MMSE score of 21 or higher, had complete information on the frailty index and covariates at the second wave (1995/ 96), and were reinterviewed during the follow-up period. At the end of follow-up (2005/06) 735 subjects were re-interviewed in person, 459 were confirmed dead through the National Death Index and reports from relatives, 107 were lost to follow-up, and 69 refused to be reinterviewed. Subjects who died were more likely to be older and male; have lower MMSE scores, BMI, and physical activity; have poorer performance on hand-grip strength and walk test; and report hypertension, stroke, diabetes mellitus, and cancer than those who were alive or lost to follow-up. Subjects who were still alive and those lost to follow-up were more likely to be younger, female, have high MMSE scores and high BMI, and perform better on the hand-grip strength and walk test than those who died. Subjects lost to follow-up had the highest physical activity level; were less frail; and had lower prevalence of heart attack, stroke and altered distant vision.
Measures
Frailty Definition
Frailty was assessed using similar procedures to those developed previously, 1 with the exception of physical activity, for which the PASE scale 14, 15 was used instead of the Minnesota Leisure Activity Questionnaire. Following the procedures developed previously, 1 subjects with three or more components present were considered frail, subjects with one or two components were considered prefrail, and those with no components were considered not frail. The Frailty Index includes the following components ( Weight loss: Calculated as the difference between weight measured at baseline interview and at second wave. Subjects with unintentional weight loss of more than 10 pounds were categorized as positive for weight loss criterion (score 5 1). Grip strength: Assessed using a handheld dynamometer (Jaymar Hydraulic Dynamometer, Model 5030J1, J.A. Preston Corp., Clifton, NJ) and measured in kilograms. 17, 18 A trained interviewer administered the test, and two trials were performed. The higher of the two hand-grip scores was used for scoring purposes. Subjects who were unable to perform the grip strength test and those in the lowest 20% adjusted for BMI and stratified according to sex were categorized as positive for the weakness criterion (score 5 1). Exhaustion: Two items from the CES-D were used to assess exhaustion: 16 ''I felt that everything I did was an effort'' and ''I could not get going.'' The items asked, ''How often in the last week did you feel this way?'' 0 5 rarely or none of the time (o1 day), 1 5 some or little of the time (1-2 days), 2 5 a moderate amount of the time (3-4 days), or 3 5 most of the time (5-7 days). Subjects answering 2 or 3 to either of these two items were categorized as positive for the exhaustion criterion (score 5 1). Walk Time: Assessed over a 16-foot timed walk test. Subjects were asked to walk ''as fast as felt safe.'' Heightand sex-adjusted time points were used (sex-specific cutoff for medium height) (Table 1) , with the slowest 20% and those unable to perform the test categorized as positive for the slowness criterion (score 5 1). Low physical activity: Assessed using the PASE scale. 15 Subjects who scored in the lowest quintile adjusted for sex were categorized as positive for the low physical activity criterion (score 5 1).
To compute the frailty index, frailty scores of 1 for grip strength, walking speed, and physical activity (PASE) were based on a score in the lowest quintile distribution. The actual cutpoint scores developed previously 1 were not used, because the sample in their original study was younger than the baseline sample in the current study, and anthropometric values (weight and height), used to adjust for hand-grip muscle strength and walking speed, are known to differ in Mexican Americans compared to the predominantly non-Hispanic white sample included in the original frailty study. [19] [20] [21] Modifying the cutpoint can be justified based on studies that have used different population groups. When analyzing frailty in samples different from those in the Cardiovascular Health Study, different cutpoints have been used to construct the frailty index. 1, 22 By changing the cutpoints of the Frailty Index, the risk for adverse effects due to frailty status could be modified, although previous findings from the Hispanic EPESE have demonstrated that weight loss and poor performance in hand-grip strength and walking speed are associated with cognitive decline, disability, and mortality. 9, 10, 17, 18, [23] [24] [25] Cognitive Function Cognitive function was assessed using the MMSE. 26 The English and Spanish versions of the MMSE were adopted from the Diagnostic Interview Scale used in prior Hispanic community surveys. 27 This Spanish version of the MMSE has met standard criteria for development of translated tests, including formal translation, back-translation, and consensus by committee for final item content. The Spanish MMSE version has been successfully used in community surveys of Mexican Americans. 28 Scores range from 0 to 30, with lower scores indicating poorer cognitive ability. The MMSE score was divided based on two factors: the distribution in the 2,731 subjects at baseline assessments and the cutpoints from past aging research in minority populations. 29 MMSE score was used as a dichotomized variable ( o21 for poor cognition vs !21 for good cognition). This represents a cutpoint frequently used in past studies in cognitive research in older populations with low educational attainment and low English literacy. 27, 30, 31 In the present study, only subjects with MMSE scores of 21 or higher at baseline were included in the analysis.
Vision Impairment
Near vision acuity was measured using a card with 7-digit ''telephone numbers'' of three different type sizes: 7, 10, and 23 point. 32 Distance visual acuity was measured using a modified Snellen test employing directional ''Es'' at 4 m to estimate acuity from 20/40 to 20/200; if visual acuity was greater than 20/200 without correction, a subject was classified as being functionally blind. 32 Subjects who could read only ''Es'' of 20/60 or greater were considered to have distance vision impairment, and subjects who could read 20/ 40 or less were considered to have adequate distance vision.
Covariates Sociodemographic variables included age, sex, marital status, and years of formal education. The presence of various medical conditions was assessed using a series of questions asking subjects whether a physician had ever told them that they had diabetes mellitus, heart attack, stroke, hypertension, arthritis, or cancer. Depressive symptomatology was measured using the CES-D, with scores ranging from 0 to 60. Subjects with a score of 16 or greater were considered to have high depressive symptoms, as is common in the literature. 16, [33] [34] [35] BMI was computed as weight in kilograms divided by height in meters squared. Height was measured using a tape placed against the wall, and weight was established using a Metro 9,800 scale.
Statistical Analysis
Chi-square and analysis of variance tests were used to examine the distribution of covariates for subjects according to frailty status at the second wave (1995/96). General linear mixed models using the MIXED procedure in SAS (SAS Institute, Cary, NC) were used to examine the factors associated with decline in cognitive function over a 10-year period as a function of frailty status. Mixed models provide a general outline for the analysis of repeated measures. This approach uses all available data on each subject, is not affected by random missing data, easily models time effects, and allows usage of realistic variance and correlation patterns. 36 All of the variables were analyzed as time-dependent covariates, except for age, sex, education, and frailty index. The mixed-model approach was chosen for several reasons. First, it is the model that best accounts for missing or incomplete observations. Second, it allows for modeling of time-dependent change in variables as well as timedependent change in the magnitude of association between the variables. Finally, because the Hispanic EPESE data included repeated measures over 10 years, mixed models allowed flexibility in modeling the effects of time on the outcome. 37, 38 Three mixed models were constructed to test the relationship between frailty status and cognitive decline over a 10-year period. Model l included time, age, sex, marital status, years of formal education, frailty index, and time. In Model 2, an interaction termFfrailty status Â timeFwas used to estimate the effect of frailty status on the rate of change in cognitive function (slope) over time. In Model 3, stroke, heart attack, hypertension, diabetes mellitus, high depressive symptoms, arthritis, and near and distance vision impairment were added to the variables in Model 1.
General estimation equations (GEEs) were also used to determine the odds ratio of having a MMSE score of less than 21 over a 10-year period. The GEE methodology provides consistent estimators of the regression coefficients and of their variances under weak assumptions regarding the correlation between subject observations. 37, 38 This method relies on independence across subjects to consistently estimate the variance of the proposed estimators, even when the assumed working correlation structure is incorrect. All analyses were performed using the SAS System for Windows, Version 9.1.3 (SAS Institute, Inc., Cary, NC).
RESULTS
Slowness in walking speed and unintentional weight loss of 10 pounds or more were the criteria most frequently contributing to frailty status, with 19.9% of the subjects qualifying as frail based on walking speed and 17.2% qualifying as frail based on weight loss. Table 1 lists the number and percentage of persons meeting the criteria for each of the five components of the frailty index. Table 2 includes the characteristics of the sample according to frailty status at second wave (1995/96). The sample was divided into three groups: not frail (n 5 684, 49.9%), prefrail (n 5 626, 45.7%), and frail (n 5 60, 4.4%) using the frailty index described previously. 1 Frail subjects were significantly more likely to be older (mean age 73.2 AE 4.8) and to have lower MMSE scores, a lower level of education, lower BMI, poorer performance on the handgrip and walk time tests, a lower level of physical activity, higher depressive symptoms, and higher exhaustion. Also, frail subjects were more likely to report hypertension, heart attack, stroke, or cancer than prefrail and not frail subjects.
General linear mixed-model estimates for MMSE score as a function of the frailty index over a 10-year period are shown in Table 3 . In Model 1, the rate of decline in MMSE score was 0.65 points per year. The associations between prefrail and frail status at baseline and MMSE score at each point of follow-up (intercept of MMSE score) were À 0.54 and À 1.38, respectively, after adjusting for age, sex, education, marital status, and time. Model 2 tested the interaction between being prefrail and frail and time of follow-up (slope of MMSE score over 10 years). There was a significant interaction between frailty and time, indicating that frail subjects had a significantly greater decline in MMSE score over time than subjects without frailty. The parameter estimate was À 0.70 AE 0.15 points per year (Po.001). In Model 3, after adjusting for all covariates, the frailty-by-time interaction and decline in cognitive status over time remained statistically significant ( À 0.67 AE 0.13 points per year; Po.001). The time interaction represents the estimated effect of frailty status on the annual rate of change in cognitive function. Frailty status by time shows how the MMSE score declines over time if a subject is in the frail category. Cognitive decline over time remained greater in frail subjects after adjusting for all covariates. Hypertension, high depressive symptoms, and near and distance vision impairment were factors also associated with decline in the MMSE score. GEE analysis was performed to estimate the odds ratio of having a MMSE score less than 21 over a 10-year period as a function of frailty at the second wave (baseline for this study). After adjusting for time and all covariates, the odds ratio of becoming cognitively impaired (MMSE o21) over a 10-year period for frail subjects was 1.27 (95% confidence interval (CI) 5 1.07-1.52), compared with 1.02 (95% CI 5 0.95-1.08) for prefrail subjects.
The decline in MMSE score according to frailty status can be observed in Figure 1A and B. The unadjusted and adjusted mean distribution of MMSE score over time according to frailty status at the second wave (1995/96) is shown. The slope of MMSE scores ( Figure 1A) decreased from baseline to the 5-year follow-up and then increased, although after adjustment for all covariates ( Figure 1B) , a continuing decline in the slope is observed from 5-year to 10-year of follow-up.
DISCUSSION
As hypothesized, a statistically significant association was found between frailty and subsequent decline in cognitive function over a 10-year period in older Mexican Americans. The association remained significant after adjusting for potentially confounding variables such as age, education, sex, marital status, medical conditions, high depressive symptoms, and near and distant visual impairment. Subjects in the frail category had a faster and more-severe decline in cognitive function than those in the prefrail category, although both groups showed a considerable decline.
A recent study evaluated more than 820 subjects for cognitive function and frailty status during a 3-year follow- up and found that the risk of developing Alzheimer's disease was 2.5 times as high when frailty was present at baseline. 39 In the current study, the risk of becoming cognitively impaired (MMSEo21) for frail subjects was 1.3 times as high as that of not frail subjects over a 10-year period. Also, the decline in cognition over time was more severe in frail subjects than in those who were not frail and prefrail. These findings are consistent with those reported previously, 39 but the current results are based on a longer follow-up (10 years) and represent an underserved population with a lower education level. To the authors' knowledge, this is the first study that focuses on frailty as a potential predictor of cognitive decline in older Mexican Americans. The findings and those reported previously 39 suggest that cognitive decline and frailty could have common etiological pathways. Altered gait, weight loss, and muscle weakness have all been associated with the development of dementia, and all are key components used to measure frailty. 1, 4, 8, 10 There are several potential pathways by which frailty could contribute to cognitive decline. 39 Declining cognitive function is a longitudinal process that starts with minor alterations in a few domains and slowly progresses to changes in multiple domains. 40 In some dementias, accumulation of neural plaques and fibrillary tangles is involved in the etiology of the decline. 41, 42 Primary and supplementary motor cortices, the substantia nigra, and the striatum are often altered. 41, 42 Studies have shown that alterations in these areas of the brain are associated with modifications in the components of frailty such as weight loss and slow gait. 43, 44 These findings and the results from the current analyses suggest the possibility that changes in neural systems that control motor function, metabolism, and fatigue may be present in frailty. More studies are necessary to establish the exact relationship and explain the biological and psychological processes by which frailty and cognition are related.
Another possible explanation for the findings is that the faster cognitive decline in the frail group reflects the slightly lower but normal baseline MMSE score in the frail group than in the not frail subjects. The lower, but normal, MMSE scores at baseline might represent a state of mild cognitive impairment (MCI), as indicated by the presence of measurable memory loss with no impairment in general cognitive and motor functioning. 45 Adults with MCI have an approximately 15% annual conversion rate to Alzheimer's disease, compared with 1% for those without MCI. 45 There were no data in the current study that indicated that subjects with low MMSE scores had MCI. Assessing the relationship between MCI and development of physical frailty in community-dwelling elderly people over time is an important topic for future research.
The relationship between cognition and frailty is complex, and some investigators have argued that cognitive function should be included in the definition of frailty. 46 In the meantime, rehabilitation and pharmacological treatments targeted toward the different components of frailty should be considered simultaneously with treatment for cognitive dysfunction. Any intervention targeting frail patients should also include a cognitive evaluation. Likewise, case management for a person with cognitive impairment should also include an assessment of frailty and an attempt to coordinate interventions to address both conditions. The association between prefrail status and cognitive decline suggests the potential for preventive interventions oriented toward slowing cognitive decline. 47 Prefrail status may be more easily modified using changes in diet, exercise, and medications. 47 Research is required to identify factors associated with transitions into and out of the states of frailty and how these transitions are related to cognitive function. 2 The current investigation included a number of limitations. First, the MMSE has limited sensitivity to detect subtle changes in cognitive function in community-living older persons. There was no access to cerebral imaging information, neuropsychological testing, or biomarkers. The measure of cognitive function used is particularly limited in assessing alterations in frontal lobe functions. 48 Because depression and some cognitive disabilities are related to frontal system pathology, other variables could mediate the association between frailty and cognitive decline. 49 Second, the information on medical conditions and comorbidities in the current study is based on self-reports. Other studies 39, 50 have reported good agreement between self-reported medical conditions and actual medical diagnoses, but access to medical records was not available to confirm subject selfreports. Third, subjects with MMSE scores of less than 21 at baseline, those who died by follow-up, and those unwilling to be reinterviewed were excluded from the analyses, and this may have introduced a bias, although information on respondents was include in the analyses until their last follow-up. Subjects with more-severe cognitive dysfunction (MMSE scoreo21) were excluded because establishing and interpreting their decline over time posed methodological and conceptual difficulties.
The strengths of this study include the large number of subjects from a well-defined and comprehensively studied sample representing an understudied and underserved population. Other strengths include the prospective design, the 10-year follow-up period, and the use of a wide range of potential predictors related to cognitive decline.
In conclusion, it was found that frailty in older Mexican Americans was an independent predictor of decline in MMSE scores over a 10-year follow-up period. Not frail and prefrail subjects demonstrated less cognitive decline than subjects who were frail, suggesting a potential opportunity for early recognition and management. Future research is needed to better understand the pathophysiological, behavioral, and environmental variables contributing to the relationship between frailty and cognitive decline and to identify new interventions designed to improve quality of life and reduce frailty and cognitive disability in older adults.
